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Introduction 


The  Health  Hazard  Assessment  (HHA)  of  Army  systems 
usually  requires  a  review  of  noise  and  hearing  protection 
associated  with  the  systems  used.  Hearing  protection  for 
crews  in  combat  vehicles  is  specified  to  be  the  DH-132A  and, 
in  some  cases  where  noise  levels  are  extremely  high,  earplugs 
are  worn  in  combination  with  the  helmet  in  order  to  provide 
adequate  protection.  Hearing  protection  for  Army  helicopter 
crewmembers  is  the  SPH-4  helmet  v;ith  a  few  exceptions.  The 
attenuation  data  used  for  the  HHA  are  measured  at  this 
Laboratory.  This  report  incorporates  the  results  of 
attenuation  measurements  of  the  SPH-4  and  DH-132A  helmets  worn 
in  combination  with  the  standard  Army  issue  earplugs. 

Earplugs  used  in  the  study  were  the  single  flange,  triple 
flange,  and  yellow/white  foam  plug. 

Methods  and  instrumentation 

Real-ear  sound  attenuation  measurements  were  completed  on 
the  standard  DH-132A  and  SPH-4  helmets  worn  in  combination 
with  standard  Army  issue  earplugs  (see  Appendixes) .  The 
measurements  utilized  the  procedures  described  in  ANSI 
Standard  S12. 6-1984,  "Method  for  the  measurement  of  the  real- 
ear  attenuation  of  hearing  protectors."  Figure  1  shows  the 
test  system  used  in  determining  the  attenuation 
characteristics  of  the  protective  devices.  Stimuli  required 
by  the  S12.6  method  are  1/3  octave  bands  of  noise  with  center 
frequencies  at  125,  250,  500,  1000,  2000,  3150,  4000,  6300, 
and  8000  Hz.  The  noise  bands  were  presented  to  the  listener 
in  a  hard-walled  room  which  provided  a  nondirectional  sound 
field. 

Ten  listeners,  male  and  female,  with  normal  hearing  were 
selected,  in  accordance  with  ANSI  S3. 6-1989  (R1969),  to 
evaluate  the  real-ear  attenuation  characteristics  of  the 
devices.  Real-ear  attenuation  was  defined  as  the  difference 
in  auditory  threshold  of  occluded  (wearing  the  helmet)  and 
unoccluded  (not  wearing  the  helmet)  measurements.  The  method 
of  adjustments  psychophysical  procedure  was  used  to  measure 
the  hearing  threshold  of  the  subjects.  Subjects,  one  at  a 
time,  were  seated  in  the  sound  room  with  their  heads  placed  at 
a  fixed  location  in  space.  A  key  pad,  which  is  controlled  by 
the  subject,  was  used  to  increase  or  decrease  the  stimulus 
level  during  the  experiment.  The  subjects  were  instructed  to 
adjust  the  stimulus  level  to  their  auditory  threshold  for  four 
separate  trials  fer  each  of  the  test  frequencies  while  wearing 
and  not  wearing  the  hearing  protector.  The  average  stimulus 
level  of  the  four  trials  at  each  test  frequency  was  used  as 
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REAL-EAR  ATTENUATION  TEST  SYSTEM 

MEASUREMENT  STANDARD  SI  2.6 


Figure  1.  Real-ear  attenuation  test  system  measurement  standard  SI?. 6. 
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threshold  for  that  test  condition.  The  attenuation  for  each 
of  the  test  frequencies  was  measured  for  three  fittings  of  the 
hearing  protector  for  each  of  the  subjects  in  the  evaluation. 
The  attenuation  for  each  fitting  of  the  10  subjects  was  used 
to  calculate  mean  and  standard  deviation  values  for  each  of 
the  test  frequencies. 

Real -ear  attenuation  characteristics  were  measured  on 
three  earplugs,  one  foam  and  two  premolded,  in  combination 
with  a  DH-132A  and  an  SPH-4  helmet.  Subjects  were  provided 
training  in  the  proper  procedures  of  fitting  the  earplugs  and 
the  helmet  combination.  Each  device  was  fitted  by  the  subject 
under  the  supervision  of  the  •'ixperimenter .  Earplug  and  helmet 
size  were  determined  by  the  experimenter. 

The  test  sequence  was  designed  to  allow  measurement  of 
the  helmet/earplug  combination  and  the  earplug  only.  The  fit 
of  the  earplug  was  the  same  for  both  measurem.ents .  A  single 
unoccluded  measure  was  paired  with  each  of  the  two  occluded 
measures.  Each  of  the  three  test  measurements  were  repeated 
three  times  for  each  subject. 

Reggies  discussion 

The  results  of  the  attenuation  measurements  are  shown  in 
Tables  1  and  2.  As  expected,  these  data  indicate  improvements 
in  attenuation  for  the  helmet/earplug  combination  when 
compared  to  attenuation  results  while  wearing  earplugs  only. 

The  noise  hazard  that  an  individual  is  exposed  to  may  be 
estimated  by  combining  noise  level  and  sound  attenuation 
measurements  to  determine  noise  at  the  ear.  This  estimated 
effective  exposure  level  (EEL)  is  an  indicator  of  the  hearing 
protective  capability  of  the  helmet  and  earplugs  for  the  noise 
environment  in  which  it  is  to  be  used.  Use  of  the  EEL 
provides  insight  into  the  hearing  protector's  capability  when 
used  in  a  particular  noise  environment.  DoD  Instruction 
6055.12,  "Hearing  Conservation,"  states  that  steady  noise  of 
85  dBA  or  greater  is  '  .isidered  hazardous,  regardless  of 
duration  of  exposure. 

Table  3  shows  the  EEL  of  aviators  wearing  the  E^H-4 
helmet  in  combination  with  three  types  of  earplugs  '  lile 
flying  in  various  Army  aircraft.  EELs  for  each  of  ^he  hearing 
protective  devices  evaluated  are  well  below  the  85  dBA 
criteria  for  all  aircraft  Indicated.  Table  4  shows  the  EELs 
of  combat  vehicle  crewmen  wearing  the  DH-132A  helmet  in 
combination  with  three  types  of  earplugs  for  noise  levels 
produced  by  the  M3,  Ml  and  the  M113.  EELs  for  each  of  the 
hearing  protective  devices  evaluated  exceed  the  85  dBA 
criteria  for  the  M113  and  M3  except  the  DH-132A/foam  earplug 
combination.  The  EELs  for  the  Ml  are  oelow  the  85  dBA 
criteria  for  all  DH-132A/earplug  combinations. 
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Table  1. 


Mean  real-ear  attenuation  and  standard  deviation  results  in  dB  of  the 
DH-132A  and  SPH-4  helmets  used  in  combination  with  three  types  of  earplugs 


Test  frequencies  in  hertz 


125 

250 

500 

1000 

2000 

3150 

4000 

6300 

9P00 

DH-132A 
w/triple 
flange  plug 

Mean 

S.D. 

32.0 

5.3 

37.1 

6.0 

40.2 

5.4 

34.9 

5.2 

34.0 

4.8 

4  3.1 
4.5 

45.1 

4.8 

47.4 

6.0 

50.2 

3.6 

SPH-4 
w/triple 
flange  plug 

Mean 

S.O. 

30.6 

6.6 

33.3 

5.9 

36.2 

6.8 

32.0 

4.0 

38.6 

4.3 

49.0 

4.0 

52.2 

3.8 

53.6 

4.5 

53.7 

3.6 

DH-132A 
w/single 
flange  plug 

Mean 

S.D. 

27.6 

5.9 

34.2 

6.3 

34.0 

6.4 

32.0 

3.5 

39.0 

4.3 

47.9 

5.3 

50.7 

4.8 

52.2 

5.8 

50.8 

5.8 

SPH-4 
w/singlo 
flange  plug 

Mean 

S.D. 

27.5 

4.9 

29.5 

5.5 

34.4 

6.0 

32.1 

5.5 

38.3 

4.4 

49.6 

5.0 

53.6 

5.6 

55.3 

5.5 

54.7 

4.0 

DH-132A 

w/foam 

plug 

Mean 

S.D. 

33.9 

6.0 

40.7 

6.9 

47.0 

7.8 

38.7 

5.1 

38.1 

4.2 

48.7 

5.3 

52.7 

5.4 

53.9 

4.9 

55.4 

4.7 

SPH-4 

w/foam 

Mean 

S.D. 

32.7 

7.2 

36.9 

7.2 

42.4 

7.9 

37.2 

7.6 

37.5 

4.1 

50.7 

5.9 

52.7 

6.1 

55.5 

5.2 

54.8 

4.5 

plug 


Table  2. 

Mean  real-ear  attenuation  and  standard  deviation  results  in  dB  of  three 
earplugs  used  in  the  evaluation  of  the  DH-132A  and  SFH-4  helmets 


Test  frequencies  in  hertz 


125 

250 

590 

1000 

2000 

3150 

4000 

6300 

8000 

♦Triple 
flange  plug 

Mean 

S.D. 

21.5 

6.5 

20.3 

6.2 

21.5 

7.0 

23.0 

4.7 

27.8 

5.0 

32.0 

9.2 

31.3 

10.5 

36.2 

9.3 

38.0 

7.3 

♦♦Triple 
flange  plug 

Mean 

S.D. 

21.2 

7.4 

21.0 

7.4 

20.8 

7.7 

21.0 

4.7 

27.6 

6.3 

30.0 

9.3 

27.9 

10.3 

35.0 

9.4 

36.2 

9.6 

♦Single 
flange  plug 

Moan 

S.D. 

19.2 

6.6 

19.3 

6.1 

19.4 

7.0 

19.9 

4.7 

26.5 

5.0 

20.9 

5.2 

26.1 

5.3 

28.9 

7.0 

27.0 

6.1 

♦♦Single 
flange  plug 

Mean 

S.D. 

20.7 

4.6 

19.2 

4.9 

20.5 

5.1 

21.4 

4.5 

26.7 

3.5 

28.8 

5.0 

26.0 

4.2 

29.9 

7.3 

27.9 

7.3 

♦Foam 

plug 

Mean 

S.D. 

28.1 

8.8 

28.1 

8.0 

31.0 

7.8 

29.4 

6.0 

31.1 

5.0 

39.9 

4.1 

40.2 

3.2 

41.3 

3.7 

42.8 

3.6 

♦♦Foam 

plug 

Mean 

S.D. 

27.8 

7.3 

26.6 

6.1 

29.2 

7.8 

27.8 

6.4 

30.4 

4.9 

39.0 

3.9 

39.3 

4.6 

41.0 

3.5 

41.2 

3.3 

*DH-132A  helmet 
**SPH-4  helmet 
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Table  3. 


Estimated  effective  exposure  level  (EEL)  in  dBA  of  aviators  wearing 
the  SPH-4  helmet  in  combination  with  three  types  of  earplugs 
at  the  pilot's  position  while  in  noise  levels 
produced  by  various  Army  aircraft 


Protector 

UH-60A 

iss&aaaassssssB 

CH-47C 

100  kn 

AH- IS 
100  kn 

OH-58  UH-IH 

cruise  _100  kn 

SPH-4  with 
triple  flange 
plug 

72.6 

77.5 

70.2 

65.7  70.7 

SPH-4  with 
single  flange 
plug 

75.3 

78. A 

71.5 

67.4  71.9 

SPH-4  with 
foam  plug 

70.4 

77.3 

68.8 

63.5  68.8 

Table 

4. 

Estimated  effective  exposure  level  (EEL)  in  dBA  of  combat  vehic! 
crewmen  wearing  the  DH-132A  helmet  in  combination  with  three 
types  of  earplugs  while  in  noise  levels  produced 
by  various  ground  combat  vehicles 

lllRfHHfllllll 

MlEl 

32  moh 

M113 

3  0  moh 

Triple  flange  plug 

85.5 

78.5 

91.3 

Single  flange  plug 

89.8 

82.4 

94.7 

Foam  plug 

83.2 

76.6 

89.4 
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Conclusions 


The  foam  earplug  combined  with  helmet  provides  highest 
sound  attenuation  while  the  single  flange  combined  with  helmet 
provides  lowest  sound  attenuation  of  the  hearing  protectors 
evaluated.  Sound  attenuation  characteristics  of  the  SPH- 
4/earplug  combination  provides  adequate  hearing  protection  for 
Army  aviation  noise  environments.  DH-132A/foam  earplug 
combination  provides  adequate  hearing  protection  for  MlEl  and 
M3  noise  environments.  Noise  levels  produced  by  the  M113  at 
30  mph  exceed  protective  capabilities  of  any  of  the  hearing 
protector  conditions  evaluated. 
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Photographic  display  of  SPH-4  helmet  with 
standard  Army  issue  earplugs 
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Photographic  display  of  DH-132A  helmet  with 
standard  Army  issue  earplugs 
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U.S.  Army  Aviation  Systems  Command 
ATTN:  SGRD-UAX-AL  (LTC  Gillette) 
4300  Goodfellow  Blvd.,  Building  105 
St.  Louis,  MO  63120 


U.S.  Army  Aviation  Systems  Command 
Library  and  Information  Center  Branch 
ATTN:  AMSAV-DIL 
4300  Goodfellow  Boulevard 
St.  Louis,  MO  63 120 

Federal  Aviation  Administration 
Civil  Aeromedical  Institute 
Library  AAM-400A 
P.O.  Box  25082 
Oklahoma  City,  OK  73125 

Commander 
U.S.  Army  Academy 
of  Health  Sciences 
ATTN:  Library 
Fort  Sam  Houston,  TX  78234 

Commander 

U.S.  Army  Institute  of  Surgical  Research 
ATTN:  SGRD-USM  (Jan  Duke) 

Fort  Sam  Houston,  TX  78234-6200 

AAMRL/HEX 

Wright-Patterson 

Air  Force  Base,  OH  45433 

John  A.  Dellinger, 

Southwest  Research  Institute 

P.  0.  Box  28510 

San  Antonio,  TX  78284 

Product  Manager 

Aviation  Life  Support  Equipment 

ATTN:  AMCPM-ALSE 

4300  Goodfellow  Boulevard 

St.  Louis,  MO  63120-1798 

Commander 
U.S.  Army  Aviation 
Systems  Command 
ATTN:  AMSAV-ED 
4300  Goodfellow  Boulevard 
St.  Louis,  MO  63120 
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Commanding  Officer 
Naval  Biodynamics  Laboratory 
P.O.  Box  24907 
New  Orleans,  LA  70189*0407 

Assistant  Commandant 
U  S.  Army  Field  Artillery  School 
ATTN:  Morris  Swott  Technical  Library 
Fort  Sill,  OK  73.503-0312 

Commander 

U.S.  Army  Health  Services  Command 

ATTN:  HSOP-SO 

Fort  Sam  Houston,  TX  78234-6000 


U.S.  Army  Dugway  Proving  Ground 
Technical  Library,  Building  5330 
Dugway,  UT  84022 

U.S.  Army  Yuma  Proving  Ground 
Technical  Library 
Yuma,  AZ  85364 

AFFTC  Technical  Library 
6510  TW/TSTL 
Edwards  Air  Force  Base, 

CA  93523-5000 

Commander 
Code  3431 

Naval  Weapons  Center 
China  Lake,  CA  93555 

Aeromechanics  Laboratory 
U.S.  Army  Research  and  Technical  l.abs 
Ames  Research  Center,  M/S  215-1 
Moffett  Field,  CA  94035 

Sixth  U.S.  Army 
ATTN:  SMA 

Presidio  of  San  Francisco,  CA  94129 


Commander 

U.S.  Army  Aeromedical  Center 
Fort  Rucker,  AL  36362 

U.S.  Air  Force  School 
of  Aerospace  Medicine 
Strughold  Aeromedical  Library  Technical 
Reports  Section  (TSKD) 

Brooks  Air  Force  Base,  TX  78235-5301 

Dr.  Diane  Damos 
Department  of  Human  Factors 
ISSM,  use 

Los  Angeles,  CA  90089-0021 

U.S.  Army  White  Sands 
Missile  Range 
ATTN:  STEWS-IM-ST 
White  Sands  Missile  Range,  NM  88002 

U.S.  Army  Aviation  Engineering 
Flight  Activity 

ATTN:  SAVTE-M  (Tech  Ub)  Stop  217 
Edwards  Air  Force  Base,  CA  93523-5000 

Ms.  Sandra  G.  Hart 
Ames  Research  Center 
MS  262-3 

Moffett  Field,  CA  94035 

Commander,  Letterman  Army  Institute 
of  Research 

ATTN:  Medical  Research  Library 
Presidio  of  San  Francisco,  CA  94129 

Commander 

U.S.  Army  Medical  Materiel 
Development  Activity 
Fort  Detrick,  Frederick,  MD  21702-5009 

Commander 

U.S.  Army  Aviation  Center 
Directorate  of  Combat  Developments 
Building  507 
Fort  Rucker,  AL  36362 
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U.  S.  Army  Research  Institute 
Aviation  R&D  Activity 
ATTN;  PERMR 
Fort  Rucker,  AL  36362 

Commander 

U.S.  Army  Safety  Center 
Fort  Rucker,  AL  36362 

U.S.  Army  Aircraft  Development 
Test  Activity 
ATTN:  STEBG-MP-P 
Cairns  Army  Air  Field 
Fort  Rucker,  AL  36362 

Commander  U.S.  Army  Medical  Research 
and  Development  Command 
ATTN:  SGRD-PLC  (COL  Schnakenberg) 
Fort  Detrick,  Frederick,  MD  21702 

MAJ  John  Wilson 
TRADOC  Aviation  LO 
Embassy  of  the  United  States 
APO  New  York  09777 

Netherlands  Army  Liaison  Office 

Building  602 

Fort  Rucker,  AL  36362 

British  Army  Liaison  Office 

Building  602 

Fort  Rucker,  AL  36362 

Italian  Army  Liaison  Office 

Building  602 

Fort  Rucker,  AL  36362 

Directorate  of  Training  Development 

Building  502 

Fort  Rucker,  AL  36362 

Chief 

USAHEL/USAAVNC  Field  Office 
P.  O.  Box  716 

Fort  Rucker,  AL  36362-5349 


Commander  U.S.  Army  Aviation  Center 
and  Fort  Rucker 
ATTN:  ATZQ-CG 
Fort  Rucker,  AL  36362 

Chief 

Test  &  Evaluation  Coordinating  Board 
Cairns  Army  Air  Field 
Fort  Rucker,  AL  36362 

MAJ  Terry  Newman 
Canadian  Army  Liaison  Office 
Building  602 
Fort  Rucker,  AL  36362 

German  Army  Liaison  Office 

Building  602 

Fort  Rucker,  AL  36362 

LTC  Patrice  Cottebrune 
French  Army  Liaison  Office 
USAAVNC  (Building  602) 

Fort  Rucker,  AL  36362-5021 

Australian  Army  Liaison  Office 

Building  602 

Fort  Rucker,  AL  36362 

Dr.  Garrison  Rapmund 
6  Burning  Tree  Court 
Bethesda,  MD  20817 

Commandant,  Royal  Air  Force 
Institute  of  Aviation  Medicine 
Farnborough  Hampshire  GU14  6SZ  UK 

Commander 

U.S.  Army  Biomedical  Research 
and  Development  Laboratory 
ATTN:  SGRD-UBZ-I 
Fort  Detrick,  Frederick,  MD  21702 

Defense  Technical  Information 
Cameron  Station,  Building  5 
Alexandra,  VA  22304-6145 
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Commander,  U.S.  Army  Foreign  Science 
and  Technology  Center 
AIFRTA  (Davis) 

220  7th  Street,  NE 
Charlottesville,  VA  22901-5396 

Director, 

Applied  Technology  Laboratory 
USARTL-AVSCOM 
ATTN:  Library,  Building  401 
Fort  Eustis,  VA  23604 

U.S.  Air  Force  Armament 
Development  and  Test  Center 
Eglin  Air  Force  Base,  FL  32542 

Commander,  U.S.  Army  Missile 
Command 

Redstone  Scientific  Information  Center 
ATTN:  AMSMI-RD-CS-R 
/ILL  Documents 
Redstone  Arsenal,  AL  35898 

Dr.  H.  Dix  Christensen 
Bio-Medical  Science  Building,  Room  753 
Post  Office  Box  26901 
Oklahoma  City,  OK  73190 

Director 

Army  Personnel  Research  Establishment 
Farnborough,  Hants  GU14  6SZ  UK 

U.S.  Army  Research  and  Technology 
Laboratories  (AVSCOM) 

Propulsion  Laboratory  MS  302-2 
NASA  Lewis  Research  Center 
Cleveland,  OH  44135 

Col.  Otto  Schramm  Filbo 
c/o  Brazilian  Army  Commission 
Office-CEBW 

4632  Wisconsin  Avenue  NW 
Washington,  DC!!  20016 


Dr.  Eugene  S.  Channing 
7985  Schooner  Court 
Frederick,  MD  21701-3273 

LTC  Gaylord  Lindsey  (5) 

USAMRDC  Liaison  at  Academy 
of  Health  Sciences 
ATTN:  HSHA-ZAC-F 
Fort  Sam  Houston,  TX  78234 

Aviation  Medicine  Clinic 
TMC  #22,  SAAF 
Fort  Bragg,  NC  28305 

Dr.  A.  Kornfield,  President 
Biosearch  Company 
3016  Revere  Road 
Drexel  Hill,  PA  29026 

NVEOD 

AMSEL-RD-ASID 
(Attn:  Trang  Bui) 

Fort  Belvior,  VA  22060 

CA  Av  Med 
HQ  DAAC 
Middle  Wallop 

Stockbridge  Hants  S020  8DY  UK 

Commander  and  Director 
USAE  Waterways  Experiment  Station 
ATTN:  CEWES-IM-MI-R 
Alfrieda  S.  Clark,  CD  Dept. 

3909  Halls  Ferry  Road 
Vicksburg,  MS  39180-6199 

Mr.  Richard  Thornley 
ILS  Manager,  APACHE 
Box  84 

Westland  Helicopters  Limited 
Yeovil,  Somerset  BA202YB  UK 

Dr.  Christine  Schlichting 
Behavioral  Sciences  Department 
Box  900,  NAVUBASE  NLON 
Groton,  CT  06349-5900 
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